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MANUFACTURING METHOD 

(57) Abstract: 

PURPOSE: To provide a high performance and high 
reliability semiconductor device by integrating the 
compound polycrystalline semiconductor with a specific 
resistance of not more than a specific value. 

CONSTITUTION: The title device has a conductive layer 6 
which is made of a compound polycrystalline 
semiconductor with a specific resistance of not more 
than 0.04 ohm cm. For example, on the monocrystalline 
semiconductor GaAs substrate 1, heavily doped n-type 
GaAs layer 2 as a sub-collector layer, n-type doped GaAs 
layer 3 as a collector layer and heavily doped p-type 
GaAs layer 5 as a base layer are formed. Furthermore, 
the non-doped GaAs layer 7 as a spacer layer, the n-type 
doped AIGaAs layer 8 as an emitter layer and heavily 
doped n-type GaAs layer 9 as a cap layer for emitter 
ohmic contact formation are formed. And an Si0 2 film 4 
in the parasitic collector area and the heavily doped 
p-type crystalline GaAs layer 6 in the base electrode 
lead out area are formed. AuGe is used for an emitter 
electrode 10 and a collector electrode 12, and AuZn is 



used for a base electrode 1 1 . 
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6<Dmz, nIf-/GaAsil4 (SigI=5X 
lO'Vcm', mi?=3 0nm) , nlP-^f B 
GaAsfl 5 (Si 81=5X1 0 ,6 /cm\ BM 
= 3 Onm) &g»trti*. ^-(Dffe0S^Bgfi01©^ 

[0041] *$&m\z&m& ^-7,mM3\mvm^ 
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[0042] (^SS#!1 3 ) £TF*3B9i©SS 3 

06 ^jgwcKgirrs. 06 imomm&irrz, a i g 

a As/G a A s Af nt&;W :j?-7 h 7>i>X^T 

t^t-5lSfP-ypM^SGaAsB6_h^ B6J; 
D *>£lfW^<ZM^&ft F-^^HG aAsSbll 
6 (GaSbtM=0. 8, Cigg=4X10"/c 
m s , mm=2 0 0 nm) £^-7.«813lffil^&©— 

[0 0 4 3] 2^U£M{c:<fcn«> ^-71i§ltBL« 

(omms^m mmx*mo. 7ev) s^-xs 

©£^381 ©&'.H* (MM.-?® 1 - 4 3 e V) £ 0 fe/jN 

[0044] 2^ySMT7fJ® 1 6 \Zg&&G a A 

sSb (GaSb^^O. 8) &JHHfo&t» S^B. 
^«^<Dilf9T^:<T*>J;<, ^cGaAsSbfflm) 
0fClnGaAs> InAsSb, SiGe^Cifflffi 

[0 0 4 5] @a6W4) KT*38W©»4C!^a(6W* 
07SrffiliTi^Be-r-5o 07IJAlGaAs/GaAs 
atdS^/W ^>^X^©S@§$fffi#Kt0i?& 

{£0 1 K&tt-Sft F~ 7"pS^SGaAsI6tS i 
0 2 |i4CDr B 1IInIF-7"^IGaAsSl 7 (Si 
SS=5X1 0 16 /cm\ Wm=4 0 0 nm) dtgqfiE 

[oo4 6] j&mmzMZ. miuuppmmzm 
[0047] mm\ 5 > srF*5£w<»mr 5 ©ussm* 

08£/B(,vrS£9§-r-5o 08fifi&©A 1 GaAs/Ga 

a s ^DS^/\*-f ^— 7 h 7>i>7>*oymmffiim 



(8) #1^6-2 5 2 1 6 3 
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^GaAsI18 (mm=5 0 nm) , nlH-7"# 
i^iAlGaAsI19 ( A 1 A s ! EMt= 0 . 3, S 
iigI=lX10 1I /cm\ mm= 1 5 Onm) , ft 
H-^n^SGaAsI2 0 (SiiS=5X10 
"/cm\ IS=2 0 0nm) 

¥i^^«-e*-5«7, 8> 9££fci!WL mis. 1 
9, 2 OlzmZthEffift&^t&mbfrtfc-ofro 

io [0048] i&mMiz&tu& 157 ?nM&ma& 
mthg&mm<Dm%\zmrz>&o \zm&znz>rz 

^comMbe/^Bt-^o, ^^©/j^&jgiiiss^ 

[0 0 4 9] ±3Baa6Wl~5*TSaA 1 GaAs 

/GaAs Afng&/K ^£r^ Ufe 

InAlAs/InGaAs^InP/InGaA 

20 s ^©ffecD 3 - smttm^mk^m^tz.^umsn 
-i^-^h7>^7,^\z^xh-^< mmzmmx^ 

#mmxtm±^ *&mz s i oimsr^ 

SK, *^J60tJTf JSKfC GaAs (100) ffiSrfflt^ 

[0050] @mm 6 ) *ic*5fi?9©5B i vmmmz 

T^VfrA 1 GaAs/GaAs ^D^A*-T 9 h 

30 ^>s?x^®i8t**fe©miM€09~0i s&m^x 
[0051] 09-01 3«> miizTFvrdmmmm 

£;rr-5A 1 GaAs/GaAsAfD^/W^-7 
IJWICGaAs (1 0 0) S^lSrlE^ jg&ffcfc 

A s 4 ^H'lftHWffTaeR 1^58 O'CCiO^bT*® 

©i«afcfa«*K*u s^fflsssor, Gatctt 

^ -5 A ©Af##flEJ£ 1 5 ®^#T?ft F-ynMG a A 
s»2 (S imm=5Xl O'Vcirf. MJP=5 0 0 
nm) <DX^*?*i/^)ltim*:?roTz* ti&*T* S^S: 

ft5tf®k\z£.r)S i 0»M4 (MI¥= 3 0 0 nm) £i£ 
flSL^ (09) o 
[0 0 5 2] *h'jy^?7-f-W:tf1«9'fXy?-> 

xe^^>-gfi[*lt^AU nSF-7"GaAsi3 
(S i iS=5Xl O'Vcm 5 , Ml¥=4 0 0 nm) 
SO ©»*x£**->-Wl*!cg*frT>& (010) o «Cri 



15 

t> mmmm2i (mm=2um) s&flrbTass© 

©MtBb^frofe (HID. 

[oo5 3] -tost sK^mtxtf^^i— mm** 
imv^m<D &%mm&v£m. 4 5 otKHaai, 

t, Ga tzttt&A s 4 OASt^ffltS 10 0t UT, 
SSH-^pMGaAsS5 (Begg=4Xl 0 J0 /c 
m 3 , mm= 1 0 0 nm) £«fctfil5 H-^pS^SG 
aAsI6 (Bei$=4X10 !, /cm\ 
0 0 nm) <DmV$&&&ft <<\ jgfr VCS^&&4 5 0 
t* Ga A s 4 (DAMfftEEtt 1 5 ®&#T?y> 

H-yGaAsI7 (Mm= 5 0 nm) £7>F— ^ 
^SGaAsil8 (BUg=5 0nm) , ng/F-:/A 
lGaAsf8 (AlAs€M=0. 3. S i m&= 
1X1 0"/cm\ ®UP=1 5 0nm) £ng?F— :/ 
^!AlGaAsll9 ( A 1 A s "E)\stt= 0 . 3, 
S iif=lXl O'Vcm'. 0®=1 5 0nm) , 
M P-^nSG aAsi9 (S iiS=5Xl 0 H /c 
m\ D?=2 0 0nm) ti^H-^nS^SSGaA 
s!20 (S ii&S=5Xl O'Vcm 1 , JRIP=2 0 
Onm) -E-n-^tlorai^^frDfe (01 2) o 
[0 0 5 4] S^^^m^xtf^^^-gSO^IRO m 

i^fc^. * cfctf x y j->if\zJa k> 

Srfft/\ x5-y^«figl 0, 1. 31^^^ 

Sf^ILfc (013) o 

[0 0 5 5] ^d-e. ^-x«^§[ffiutc@«*ffifflu 

Xy^^OD^. 01 3{^bfeffi0{C, M6(D^m 
gm&G aAs|6©y- hmint^-X9M<Dj±im. 
TT&D, 01 4*5cfctf01 5 SrfflViTlftig-rSo 014 

(a) (i^-x«fig?imu^<^®aiuxy^>yo 
mzm6&*- n-^y^-yi/vrcM^. 014 (b) 

1 8 ^fcfiS 1 9 5^>^Ufc» 
-g-COOXS y 37 - ^— X^#jfiOifc^0T*-S>» Jf 1 
8^®^e.©X-y5 L >^$*dfr'5i> d = ds 
(d siiM 1 8©l«irc**l&T3i7 0 nm) 

^-x«H3 1 ffl LmMxmmm ofinmtznt>nfr z t 

JC>3:-g>, ^— XWffiKAuZn^CDTD-fmMSrffl^ 

^-xs^m#j{cb e &m^it&&G&&&s&& 1 5 

ISSl/toW. - 1 0 0 nm<d<8 0 nm, ~?tS.*>%m 
14 (a) £&tt£JI6©:*-A*-Xy7^>^2#8 
0nm£(T> ^WJS14 (b) \Z&ftZ>m 1 8 
tfB 1 9©x>y^>^U5£# 1 0 0 nmSXT-e&tl 



(9) 5 2 1 6 3 
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uzn&<DTu^nm%m^tvk3mm\zm-ciZ£.K). * 
-7;«®rw^A i toy >7nKJR««Sffl<'»s»& 
•eh^-xmsmmzB e ^M^nt^^ys-ai^ 

^ii5«4Vc itmSpSPRK^Zn©^^©, 
&m\ZB e ©M 1 8 *S<t^@ 1 9^©irtS*fc:«J:<58i*£ 

10 0 nm<d<8 0 nmfflJfeSIBBS^trfeOT?* 

[0056] *$mm\z&.n\3~ ^-^wm^rnvtm 
©jk«€, asms 4 5 orOT. ai^ascarr* 5 

££7C^©Att#JS££ 5 0RJbtb7fc^mftxtT^^> 
HSfc<fc 0 fr-5 ©"?. £F£n 1/^7 ^®^^lfcSi«¥©{£ 

i aBJ&ffl^iT^-^«K9lfflUBW*^*gSt 
&oTfc^-X^©^/&f*£#*rfK, ^-7. • 
n u^^lgfiF^ao/hS^Bi^^nfi^/t-f si?— 

i» ?m<nmitt?*is^)Vfm&mzmi'?z> {1 1 
^muzzLVzumfr uz, »<^DS&/H!t! 

[0057] (HS£#| 7 ) 1 mmfrttZ^VfrA 1 

GaAs/GaAsArD^;H^-7h7>^^ 

©§8g£*£©ffi©#i£0i 6~0i szm^xwm? 

■5. 

a? [0058] 0i6~0i simnz^rrmm^m^ 

ITT'S A 1 G a A s /G a A s Afai^/H jK-7 h 

^>^7.^©set^*®m2M^-ri@0i?^-5, 0 

9^C01 lt1?l^iM6tifU*5„ 01 1GM 
fi8CD^2:^m^xtf ^*'>-Sgrtt«At. A s 4 

Bkij^ S*RMS4 5 0'C, Gal^t5As ( (DAM 
^>JEt 5 0 O^TfT> H-^G a A s 1 2 2*5 

&XJ-7> P-'J&m&G a A s 1 2 3 £PPtJ&& 
bfe (016) . S2 2*5<fc^B2 3 0MJWJ1 

[0059] mi&ft^tt?*is-mm^m?)tii 

Tix^^y^i^Ai> SSfiS4 5 O'C. G 
a {C^l-^) A s * ©A»#ffiifc 5 0 <D3kft-C. M ]*— ^ 
pMGaAsJ15 (CltS=4X 1 O'Vcirf. M 
= 10 Onm) feJctfii; F— /pl^GaAsI6 
(CtiS=4Xl 0"/cirf. &M= 1 0 0 nm) CD 
H^JSKSfffci, «5t»TatBIS4 5 0G. GaWT 
^.AS4©A»^ffitl 5C9^#l?ng/H-^A 1 Ga 
^ ASMS (A 1 As^E;Wt=0. 3, SijgS=lXl 
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0 18 /cm\ m!¥= 15 0 nm) . t nS! |*-:7*#*Mi 
AlGaAsfl9 (Al AsWtt=0. 3, Sii 
g=lXl O'Vcirf, mm= 15 0 nm) , iSF- 
ynIGaAsI9 (S iiK=5Xl O'Vcm", 
mjp=2 0 Onm) tlSl*— ^nS^SGa Asf.2 
0 (SigS=5X10'Vcm\ lf=200n 
m) ©-Wen®[iPf«£:fTo& (017) . 
[0 0 6 0] ^S#fi^^fgXtf^^v-gS*-& 

i\ xSy^SilO, 1, nl/^^m® 

»L,fc (01 8) „ 

[0061] xmmtejzttit. ^—xwmwvmt, 

e{CjttSUTtSS5:UC<V^FM#^-&Cl<fc^e». Be 

istss&iRgt bx^ssMe ~em^tcm i &&am 1 8 « 
figs<Di^{ctii^-r§ {111} ffi^oWLfc*^ 

[006 2] (MM 8 ) STFm 1 IfeKWIOSl/fc: A 1 
GaAs/GaAs 'v5M3ft&/S-f afr- 9 h 

(Dwmm&Dmvmttm 1 9-02 3*^va&grr 

[0 0 6 3] 01 9~02 3faHlfCwbfc«BKBi*efi 
£^"•5 A 1 GaAs/GaAsArnft&/H^-7 

«D«e>KGaAs (10 0) S&1£« *ffrR 

a s * smi^r-ess isssot iztvmv-cim 

-5As<£>A&f-#EEi£l 5CD^#Tii5 p-ynSGaA 
sf2 (SijgS=5X10 1, /cm J > lf=5 0 0 
nm) . nSI«-^GaAsI3 (SiH=5X10 
"/cm J > MiP=4 0 0nm) ©xfcf^=H/-WI/fifcB 



(10) #H¥6-2 52 1 6 3 
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LTfc (01 9) „ 

[0064] msffl&mmMMmmz&vs \ o*m 

4 (mm=4 0 0 nm) zmm.^ mt&emskz 1 <m 

JP=2xim) §ifUTii0?fflbSffofc (02 

(02 1) , *»H6im»xtr^+5^ai 

T\ GafC^-TSAs^CDAIt^HJtSrl 5 OtbT, 
S^pSGaAsIS (BeiI=4X10 !1 /c 
m 3 , mm= 1 0 0 nm) i5<fct)^i :/pSgM&RG 
aAsI6 (Bei£g=4X 1 0"/cm ! , |g|iP=l 
0 0 nm) (Dm9$&f&&tt\ M^T^WMM4 5 0 
■C, Ga \ZM~?2> A s 4 ©AM^ffit 1 5 ®^#T?7> 
P-7°GaAsI7 (BUP=5 0nm) £.T>F—°7& 
HAGaAsJfl8 (SU¥=5 0 nm) , nMI 4 — 7"A 
ii? lGaAsI8 ( A 1 A s "E)Vit= 0 . 3, S i mS.= 
1X1 0'7cnf, JBUP=1 50nm) 
^M&f&A 1 GaAsJll 9 ( A 1 A s =E)V\t= 0 . 3, 

5 i mm= 1 X 1 O'Vcri, J0S»=1 5 0nm) , 
U^niGaAsi9 (S iilS=5Xl 0"/c 
m\ if=2 0 0nm) iiSH-yn^flGaA 
sI2 0 (S i jlS=5X 1 0"/cm\ BS¥=2 0 
Onm) <D J £ft"en<Dm$$]&t$. : £ft~?rz. (02 2) o 

[0065] mt&&mx.\z**>~-mbfr£JBLvm 

£fxt,\ X5 7^1ii 0> A-7lii l> nl/^^ 
«flil2«gfi!cU ATDg^/K^-^h?^^ 

sfmifc (02 3) „ 

[0066] *mmiz£n& ^-xmrnzmvim 
am$&. *^ms4 5o < c^T> 3Wi^\ztt-$-z> 5 

— feic«koff3©-c, \s?5'$mmzimw&<Di& 

©t£K£x y ^>^;i £ £«®© Wftlg^^TT-S CD 

[0 0 6 7] (mm9) OTSS2Sfe«fiWl^SUfeA 1 
G a A s /G a A s 'N-SrOS^/t-f ^— 7 h 7 >i>7,? 
50 ©»igy7feS:09~01 3, 01 6~01 8*5J;Z^01 
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9-023 &m ^xmnr 

[0 0 6 8] 0 5 K^Lfc*880fffi*jg£^rr-5> A 1 G a 
As/GaAs 'V^n^/l-f ^ h 7 >i?X?OM 

s/GaAs ^Oi^/K)it?-7 b 7 >^X^©«3t 
jm<D&lM 09-01 3) , |g2M (Jt| 

J£#|7> 016-01 8) . M3M ($m.M8. 01 9 

~02 3) t.m*mmv~z$>z>o #mm\-?mmm 

i££M^TSfei&*4 5 0G> G a K^fT-S A s 4 
©Aft5hEifc2 0 0©^frTnIP-^GaAsll4 

(S igg=5Xl O'Vcnf, Ii=3 0nm) *S 
J;tfnSP-^aGaAsll5 (Si?gg?=5X 
1 0 H /cm\ iS=3 0nm) £IMPt^f£L<fco 

[0 0 6 9] *^|SS0!I^J;n{J> ^-Xg5 tW^m. 

•?z>s<-xnM3mvfm6ommm7 o nmit<a 
^rcmm^m^^^eb. ^-xmmmmz&zm 

^mmmzm^-c, (a) m§&>m»mm±izimm 
$>z> w&Fmmm* lxio'Vcm 1 5^^^ p 

$>2>WZ (b) i^llg^ffiKl^Ufcnt/^ 

[0 0 7 0] @S£M1 0) OTm3*S£M^UfcA 
1 GaAs/GaAsAfng^A^^-7h7>^ 

?(DW&mi<m%:m 24-027 £ffl^Ti&Be-r-5o 

[0 0 7 1] 02 4-02 7 te06SC^-na!8ffl*lii£T 
>rr-5A 1 GaAs/GaAsAfofep/W'J? — 7 h 
7>>'X^Offit75fe®^I^Tn^0T$)-5o 09- 
011 *lf«IISfi^6 0 1 1 <DWM\zm 

mmmt sot:, g a \ztt?z> a s * ©AM^mt 5 o 

CD&#X. 5m!|X^*~>H£t;:J;D. ItiH-^p^ 
GaAsI5 (Bej|g=4X10 !0 /cm s > Dl= 
lOOnm) iii5H— ^pS^liGaAsI6 (Be 
M=4X 1 O'Vcm 1 . MJP=1 OOnm) . *5cfc 
Z>*ii5F-:7°pMGaAsSbJ12 4 (GaSb^E;Wt= 
0. 8« Begi=4X10 ! Vcm 3 > ^1=200 
nm) tB pi#eSG a A s S bl 1 6 (G a 



(11) 4#l«¥6 - 2 5 2 1 6 3 
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Sb^;Pifc=0. 8, BeiiS=4Xl OVcirf, 
g|jP=2 0 0 nm) ©I^PfJ^&SrfrpTc (02 4) „ 
[0 0 7 2] i^£#^Xtf^^-MM^e>l&9ffl - 
U S i O2M2 5 (Sm= 10 0 nm) 

5, S16> J16<Z)jaR#JBk*£fr<^ (02 5) . ffl,* 
TSiOjii2 6 (feMg=0. 3/im) SrS i 0*$| 

<Dm&&&n^y^>*?zmz&K)i&msTc« 

10 tf^v—gSiS^U ^S^5 5 0G. GalZlfr? 
-5A S4 (DAMftmt 1 5 CD^#Tni! \*-7A 1 G a 
Asf8 (AlAs€M=0. 3. S i Sgffi= 1 X 1 
O'Vcirf, MJP=15 0nm) ^tfilP-^nl 
GaAsI9 (Si)gS=5X10"/cirf>ll= 
2 0 0 nm) ©^Xfcf^^Jl^fcg^fT^/co (0 
2 6) „ ^Sr^ra^M^ffiXlf^^^-^B^^V^ 

ifc? 5y^m8gl0, ^-XHIL nUP^MMl 2% 

JKSU ATOS^;H#-7 h7>^^SMl/fc 

(02 7) o 

[0 073] $mm\z&n\z. ^.-xmMsimvm^ 
iz&nz>mm%im<m'm (mm.t*®o. 7ev) ^ 
-7.m<vmiwm<vm'm (Mmr^m 1 . 4 3 e v> <t 

A'-f #-7 h7>i>7^Sfmi?t5 * 
30 fc. 3U2?m<DmiX.¥*3r>'*JVf&&<DmZ 

{111} s*©^u&¥#fww£:SBfti 

foft&AV^-7 h7>>?X^«-etl)»* 
•5, 

[0 0 7 4] «6S0t)-C^ 1 6 \Z&m&G a A 

sSb (GaSb^E;W£=0. 8) SJStrSfcai, SSffi 
mtZ\(DmK)i;te.<Th&<. SfeGaAsSbCD'ftt) 
^7 DIIInGaAs, InAsSb, SiGefCii® 

[0 0 7 5] (|©£M 1 1 ) KT*3*J6WK^UfcA 
lGaAs/GaAsATnft&A-<^-7h7>^ 

•5c 

[0 0 7 6] 02 8-03 Ote06f^U&fca8&fE#|ji 
A ] G a A s /G a A s Af Dft^/K /H-7 
h7>^X^OiSg^<?)ffi®^JS^TZ5g0T^-5. 
0 9 j6> 6 0 1 2 ^T^^fig^J 6 t BSSTf £5, 112© 
i» ^{CS iO,i2 5 (Sm= 10 0 nm) 
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1 9, gl 8©jg^|&5fe£ffr>£: (02 8) . 
% «ffc^S i02jR25 (|gJP=5 0 0nm) 

^ * MJ V 5^7 -r J;Z^x>> 5P>ifK<fc 0 S i O 
2 fflt2 6 (fttff=0. 3 wm) ©MrSffrj/z ® 

2 9) „ 

[0077] m^x. 9mz^m&mmBx-¥?*^— 

mffiMMSOOX:, GaW§ (As. + Sb,) OA 
jt#ffii£ 5 0 (Dgkmrfc H-^pS^fiG a A s S b 
Ml 6 (GaSb^E)Wt=0. 8. C8«=4X10 !0 
/cm 3 . m»=2 0 0nm) «WWfci:l£**S'-WWfc 

0. ^— 7.WM1 1> 2£J£j£U ^\5r 

□^H^-7h7>^^$fmtfc (03 0) „ 

[0 0 7 8] **SS^llfCj;n^ ^-^m^imi^c 

(Ci5^^9^li©ft/Jvfit (^fiT!#j0. 7eV) 

-7,m<Dmfflmt/g<DWi'm (gmx-m 1 . 4 3 e v) j; 
9 t>/j^ < x^tcjsb, ^—TsWmmm vmrnzmw* 

-5 {111} ®^©^bfc¥«»^MtS]Sio:u^ 

^P B 1K^-XB¥#fWld*WLT^-7. - n 1/^ 

[0 0 7 9] ^SS^mJS 16i;#SftGaA 

s S b (G a S b^&;Wfc= 0 . 8) ZmWctiK M$M 
mZZ®m<0T*f3.<Th&<. SfcGaAsSbOftb 
OKInGaAs. InAsSb, S i Ge^OQ^ftl^ 

[0 0 8 0] (m&mi 2) ^T^3^Sfi0tl^UfcA 
lGaAs/GaAsAfDt&/H^-7b7>yx 

^©§S£jg^®te©#l£03 1-03 7^ffi^T^-T 

•5. 

[0081] 03 1~03 7izm6\zvk-mmM%m& 

A 1 G a A s /G a A s AfDg^A*>f jtf— ? b 

9~0i i st«^sm6 tmwc&z. 01 lOWl 

K:9^xfcf 9. S^i^4 5 0r, G 
a W^As- (DXM^Sit 5 0©^frl?li H-^p 
IGaAsI5 (Bej8S=4X10"/cm ! , M/P 
= 10 0 nm) *J;r^F-/pi^SGaAsI6 
(BegS=4Xl 0 !, /cm ! , ®DP= 1 0 0 nm) 



(12) #W¥6 - 2 5 2 1 6 3 
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£*&i§^K|1p#^Ue: (03 1). 

[0 082] m^^m^.^^>-mm^M^m 

VTdmz, S i 02^2 5 <mm=4 0 0 nm) £1©S 
* h U V ^77 -f -*5<£tfx >7 ^>;7l3 J; 9 S 2 5 
©M«n:£ffr>fe (03 2) o -^<m 

xtr^>— sisr^m^Au mmmi 5 o'c. 

G a (As. + SbO ©AM#£Ett5 0 <D^# 
-UflSH-ypl^^aGaAsSb® 1 6 (GaSb^E 
;Wt=0. 8, Beig=4X10 ! Vcirf,ii= 
7/7 3 0 0 nm) S^M^^lUfeo ^C^I-S^m^Xtf 

^*s^i4&5g«^<=>ifc9mu ^ii*sg^2 i am 
m=2um) zmftv. mrnvsmfczn-zfr (03 

3) „ 

[0083] mffimmo^yT-Ayp&ft^ 

(03 4) , iSrfJ-ypSi^SGaAsSbgl 6© 

>tAz£2>S i 02^2 5®|Skfe£fr^£: (03 5) 0 
[0 0 8 4] Si 0 2 MO^S^.i;^X<y^>irx@{C 
«fc<5S i 0 2 |g«2 6 (*TC>tl=0. 3itm) 

tmSr#B^Jg^fflXtr^^>-^M*S^ti^ 

^M^mxif^^>— ^sf^u^o awss 5 0 

G> Ga{CMT-5As4©Ait^BEJtl 5©^#T?T> 
H-7*GaAsl7 (IS=3 0nm) . nSf-7°A 
lGaAs8 (AlAs^^O. 3, S L jg^= 1 
XI 0"/cm\ mm=l 5 0nm) , fl5F-:/ngf 
GaAsS9 (S iiSS=5Xl 0"/cm J , M/P= 
2 0 0 nm) O^Xtf^^v-^fig^ff^fe (03 
6) o 

[0 0 8 5] ^&#^S^mxhf^*'>-g»*^ 
J» ^aW«^M^H^Xfcr^^v-ga35^5[9mb^ 

o> ^—xrnMi i, ni/^^m®i 2£j&£u ^ 

ni&/H;J?-7b7>yx^§«Lfe (03 7) o 

[0086] *«^{Cctn(^ ^-^mmrnvmrn 
iz&tfz>mfi%m?>Wt'm (mmx-wo. 7ev) ^ 
-xm<?>mi%m<DWi'm (gmx-mi. 4 3ev) <j; 

% {mi ®^©{^bfc^*:^®<fcSii[inxu^ 

momm^wM^ d -s p^m^ l \z, < 
^n^TS-7b7>vx?*m£z^z>%gk i bdbz>o 

[0 0 8 7] 03 7-Vit^~7.WM^ZlU^^m 

so m^MizcD^m-frdm^tvrz.^ me^oiztn 
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%o %.it. #mmi-?tem 1 6 K^HG a A s S b 
(Gasb^jt=o. 8) *m^tzj)% m&mmzz 

nGaAs, InAsSb, S i Ge^oy^M^O^ 

[0088] (mmm i 3) srfm4mmm^vr^A 

1 GaAs/GaAsAfDg^;H#-7h7>^ 

^otsg^cc>M^03 8~04 ozm^-zwm-r&o 

[0 0 8 9] 03 8~04 0itm7\Z^rfmm^?: 
^rr-SA 1 GaAs/GaAsA.Tn^A'f3i?-7b 

9 (D^m^immm 6 ti^ire&So 0 9 <D$m\z* 

8) o $$z, m*ztrt^Lx.t??*^-- ! $mimAv. 

5<DgkfrT\ niF-7"GaAsI3 (Si?gg^5X 
10'Vcm 1 , if=4 0 0nm) tnSF"7^ 
SGaAsIl 7 (Si^SXlO'Vcm 3 , 1 
f=4 0 0 nm) (Dmmm^ MS4 5 or. G 
a K:2fr-5 A s 4 ©AM^JEJt 5 0 CD^frTf, iti H— ^ 
pIGaAs§5 (BeiS=4X10 ! '/cm a . 1 
JP= 1 0 Onm) <h]ftH-yp§!^SGaAsH6 
(Bei&S=4Xl 0 !0 /cm\ MI?= 1 0 0 nm) 
O^^fiE^fr^^io ttUT, *KSS4 5 0'C. Ga 

A s * (DAMftKit 1 5 ©JEdSS&frfcRl/C 
7>P-7"GaAsI7 OSUP=5 0nm) tT>F- 
7"^IGaAsI18 (K=5 0nm) „ n^t*- 
7"AlGaAsI8 (A 1 A s "E)Vit= 0 . 3, Si}& 
1=1X1 O'Vcirf, mff= 1 5 Onm) .fcnglF 
-7"^IAlGaAsI19 (AlAs^^O. 
3. Sia$=lX10"/cm 3 , Ki=150n 
m) , ^H-^nSIGaAsS9 (Sig$=5X10 
"/cm 1 , if=2 0 0nm) t^H-^nM^S 
GaAsl20 (Si^SXlO'Vcm'^lf 
= 2 0 Onm) ©^ft^ncD|lp^j&2:fT^ (03 

9) . 

[0 0 9 0] ^Sr^HSHXtf^^v-^fiK^mOffl 

£ffl/^ l5y^Sil 0, ^-7til 1, nV>2? 

^Ufe (04 0) . 
[0 0 9 1] ^Q(6WK:«fcni^ ^-XttMfltHL^ 

mwm&4 5 ot:OT> 3^^{c*f-r^ 5 
-mz&vftow. <8Hk=ust7?mmzttmm&ox& 
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^7 h^>^*^«rft$fe.t i;7c> S 

• a^^r B i^^**s i 02 m<D^(Dm^\zoMiy 

[0092] m 1 4 ) SESfiWK^ bfe£ 

^BJic-^-SA lGaAs/GaAsAfni&A'f!|?- 
7 b7>i?X?<DM3gMt&>m<DM&m4 1-043* 

[0 0 9 3] 04 1~04 3{i07(C^f1^r®ffiBiS: 
^TT-SA 1 GaAs/GaAsArOft&A-f^- 

7>^^cDi3Mft®ffi0«$*-rm^5. 0 

3 8 (Dwmsnstgmm 1 3 ^mm^^s* 038©^ 
mzfr=m.tt&*i>'—mz& o , s^agssor, 

Ji? Ga{d*fT^As4CC)Alt^Eitl 50^#T, T>H 
-!/G a As 1 Sffll 2 2 :fej;t£r> h*-:/#W&!ff|G a 
As 1^I2 3*S i 02W^>±.\Zffl%]&&\*<rz. 
(04 1) o M2 2*5£ZtM2 3<DmMtelft 

[0 0 9 4] sm*#»^)Wiiffixtr^*5^-««*s 

4 5 Ot:, Ga\Ztt-?Z>As<<DAMftmtl 5<D$kflr 
Tf> nS/^-yGaAs®3 (S igg?=5Xl 0"/ 
cm 5 . I»=4 0 0nm) inlH-^SGaA 
s§17 (S ii&g=5Xl O'Vcm 8 , 11=4 0 
0 nm) &HJ3j&ifiL&. W&M&4 5 0«C, 
Ga{^-T-5As4CDAlf^JBt5 0CD^#T7. flfl*— 
7°pIGaAsI5 (Beig$=4Xl 0"/cm s , 
$gm= 10 0 nm) tiSF-ypS#ijSSGaAsI6 

(BeM=4X 1 0Vcri> Dl=100nm) 
©RI«FJK$*ffV4, »4TS6aa*4 5 0t, Ga\Ztt 
-T-5As4©ASt^ffiitl 5©fi£S^#{CMbT, ni! 

^7°A 1 GaAsjS8 ( A 1 A s ^Mfe= 0 . 3. S 
i8S=lX 1 O'Vcm 3 , mm=l 5 Onm) in 
40 IH-7"#iiSAlGaAsil9 (A 1 A s =E:)V\t= 
0. 3, Sii§S=lxiO ,! /cm 3 1 ^1=150 
nm) , S5H-ynSfGaAs«9 (S i IS=5X1 
0 ,s /cm\ MJ»=2 0 0nm) 7n3gHie 
SGaAsI20 (Sii8g=5X10 ,3 /cm J , 1 
J?= 2 0 0 nm) (D^n^tKDm^^ff^ (04 
2) „ 

[0 0 9 5] l«5Mxtf^+y-»5l!f}ffl 
bfc&K:, *MJ V^:7<-*<fctfxy^>^<fc9 

.527 Srffl/^ I5 7^tll 0, A-7lil 1, 
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«Kl2*JgfiBU AfDt&A'-f^-7h7>i?X^ 
ZiimVfr (04 3) , 

[0 0 9 6] ;*39WflC«fctt*£ ^—XWSSIHiUH* 
©l^Sr, »&Mg4 5 O^STF, 3itdi&Zttt*5 

x^zimh&Zo ^31/^^^{CS iO 

feK<£5^,fi¥^i©j&^^SfcJe>, SHS&ix 
^M#jT*-5^i^^, Beia£®Wl7!<fe-SJ17:feJ; 

zmi 8fitf^\z?s:z,t£h\z, m&m.amsmfe.*> 

[0 0 9 7] £Lb^L-fc^6SM6~l 4£i5(,vc, 
tlfc^^^S¥#frO&ffi3: 3 0-5 0 nm©$gffi 

[0 0 9 8] 75:43, 5|S£#|6~1 1 Ga As/ 

Ga As ^nSS'/tf 9 h 9 >V7.?<DWmmk 
\Z^yZ7nVtcf>\ InAlAs/InGaAs^In 
P/InGa A s#©fiH© 3 - 5M^*i*$I^ 

rz.^uw&rt^7S-7h7>vx?<»W£mk\z~D^ 

©f^bOCfi^ (C) £JB^T*>&^o ^IMTIJS 
^r3l/^^^tcS i 0 2 M£/B^2i#> S i 3 N<10g£ 

ffCGaAs (10 0) W&MKttibX. te©#*K>ft&© 
®;#ft£J8(,vr&J;^©{£fc^3A/-e&5<, 
[0099] (Jia6#I 1 5) ^D^/WjK-^ h v 

yj^^m^k.mm^smz'D^'zmA a &m^x 

[oioo] &&m#~&tt^a8&rt-<tf— ?b 

l Q2 3 ]zm^xmmn^&miy^t» 

[0 10 1] *m&M\Z£tU& ^— 7.&£ri, ^— X • 



(14) #18^6 - 2 5 2 1 6 3 

26 

m®miiW&.-z%z><D~z. mMmhft-tiimmmm - - -- 

[0 10 2] 7S:*>, ^SSMTtJAl GaAs/GaA 
s ^ngrS7 Vf 3^-7 h 9 >5>;***fB^ifcjaWHf 
lHl^CO(/iTSRU7c^ InAlAs/InGaAs^ 
InP/InGa AsfOffi© 3 - 5ffib&8s¥mfefr 
JO £&£^D^/W^-vhv>^;*^£ffl^T*>£ 

[0103] mum 1 6 ) aT**9i®iissfi«^** 

ffiSBfcU-inc^TeH 5-051 £Jf WOKBirr 

"So 

[0 1 0 4] 04 5~05 0 fi^^t^-SE^l/- 
-^nSGaAs (10 0) S&3 UbKlngKWff:/^ 
2X10"/cm s ©na) InGaAsaf#FI 

^ (ssftH) 33, vmftm^yvtf&MmzA*. sh 1 

(04 5 (a) ) o ^C-P, S3 2, 3 3, 3 4K£04 
5 (b) \Z5rrr&5fcMtil3&fr£&-3X\t*&. -?fc£> 

Jf 3 2fipSfGaAs 4 8 2A/pSA 1 As 6 1 
3A (Beigg=4X10 u /cm J )j@||f2 0Si 

Ct>£U Ml(iGaAs9 6 4A) , I3 4»n 
iGaAs482A/nSAlAs613A (Siig 
= 4X1 OVcm 1 ) fflfr2 0mNtfr£tlL*ft1lr7 
7ytfzmMX$>K). «3 3fiInAs^Jt=0. 2 
Ji? O7>F-7'InGaAs8 0A&#Pi> 7>H— ^ 
Ga As 1 0 0At2.*>Xfizy>b— ^GaAs 5 0 OA 
£P*Sg£-r-5 I nGaAsStf^FlT^. 

[0 10 5] i^^H^Xbf^^i— S»S»D*f 
U y^77-f-*<klfccyf >{^«fcOI3 3 

*S<fctf3 4«SHR»fa»*Ufc (04 6) . ^©^, M 
:fafS§$l2 1 £ 1 //mi^UT^ffi^WtU Xy^ 
Ay^iCcfcOJf 3 4©ScM£gffiUt: (04 7) . 

[0106] mwBmmttezs i o,m cm 

J¥8 0 0nm) 1 2 OsM (BUP2 0 0 nm) 

3 5£ii*«^, * h U V ^77^ -13 i^Xy f>^: 
cfcO, B4:fe<fctfJ13 5©^6»££:fTo7c (04 
8) . t»if«fflja:^*->-*l^U 

4 5 Or, G a \Ztt~?Z> A s 4 © AM#£Efcfc 5 0 ©£:fr 
T, «H-^P^#^SGaAsS (Be}£gg=4Xl 
0Vcirf> iil5 0nm) 6©^*ff^fe^ 
fC, ^^5H^Xtf^+^-g«75^m!97cLT^h 

(04 9 (f ) ) o 

[0107] mmz, * h uz>t. b&zxsm h-7"ps 

SO #igf H GaAsIffll7^y7, &6tflCpSWffi3 
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7*5J:^nSM3 8CD^^fTtJT. WWtV—*f* 
mkVtz (05 0). 

[oio8]05i \z\m$gm\z.£. KHmzntcwzs 

m±^zmm^mm^F^xx$>^. z.n^wmm 

fee zLn\mm^^>n^\z.^m^t^GsiAs(D 
&3^m\z£&m^vmi&vrch<DT*&z>fr. ass 

m- 1 o u.m%wrz&nmmm.<Dm&\\$mm.^ 

mmz&z-x^rzo m^m^tvmmm3\mv 
mmtvx^v u ^A-r^->jr^^4 o £jb^t<^ 

[0 10 9] *5§?|K<fcWl G&mMlz&ttzmM-l 

*>tt&&fm3 9 <DttPbv\zim^2 1 u 

A<*>?r&*#«&4 0®f^bD(^H-^pM#^^ 
G a A s 6 ZM^Z ^t^5®T\ >J-;7«*^ 

mz&nrdmmmmfti'-^&miT^&?mfr& 
[oiio] #m&&ix\zi dasw^o. 

2 CD I n G a A s «?#F^^ I/— tf 

isoinAs ^i/it-^ffe© 3-5 mt^m^m^mi^ 
mwcmm>u-+f\zmisT%mmizmMT-^z,<Dfch 

e. jmtt£\Zft^X.\f?*z/-&$;m^rz.fr. '>< 
h h 1 JPcr>7> H-^G a A s ^ft^Hxtf 3^ 

m#t&^5Hmxe^*->-SfeK<fc 0 C 
SGaAs^Ml/TfeJ:^ ^SS^mS* 

^KGaAs (10 0) w&m^it&* mDW&'&m 

Wj&Zm ^X V 3 A/Tf* -So 

[oin] gasm 7) sKTj&m<D$m&i-c$>% 

[0 l l 2] 05 2~H5 6fi*5i^K:«k*^D*fi» 

mmx$>& 0 m>\z. 7>n-^GaAs (ioo) a 

SliKpMGaAs^-^Wi (Bei8i=5XlO 
"/cnf, If2 0nm) 4 1, 7 r >H-^AlGa 
As (AlAs^^O. 3. IflOOnm) 4 2 

z&mmms 5 o c ci?4mixif^^->-^ < fco^ 

S&Mg£l 0 OtldllbTB e :/7W7 
TXGaAsJ! (BeilS=4X10 !, /cm\ BU¥ 
1 0 0 nm) 6 *m&?%>* &&ffi&5 8 Ot: 
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6*T^E;i'7TX^e»^^fC^^: (05 2) „ »6 
©7^:7 r^6#*S^«^^3SIWB*Wf«BHj 

mmz^&ttiimsszx outsit 
[oii3] m*x* mm&ftri&x.\f?3ri'-mm^ 

emOUiU S i (MIP1 0 Onm) AV>mk 

«, ^h';v^7-f-^ck^Xy^>^cJ;D®4. 
6> 4 2©g|ft»fe£fTofc (05 3) „ S 
i OamiD^fe^Xy^/N^y^^OS i 0 2 {US2 
10 (05 4) , i^£#4&k)SI?tfgXtr^5/ 

-3£B*£^te#$^*B^xl^*^-3£M^L 
T. *«mS6 0 0'C-ei«t<-7°pMGaAsS5c7)M 

ji#05 5T*4 
[0 114] S^fC S i 0 2 M©^. h 
U y^7>f-*3«fc^X-y?->^{^Sjl6 CD^WI^ 

S£*fM#(KfT^ ms 6\zm-?Mm<D'\y : -utm 
^ [0115] 2^ssMtd<fct«^ nurs/y— mw 

[0116] «sfiwria;tu7Ji/y— hmm 

BB^*SEOJ^<(BH&<Rfll»^l«ln?**. S 
J» fcu ^USSWTiJ A 1 G a A s /G a A s O^ 1 

n^^^;KD»^MA.fiI nP/I nGaAsf 

[0117] m&M 1 8 ) UT*mi<D$ffiMX2c>Z> 
MS&G a A s &M^fc£&mz-D^xm 5 7 ftffltiTK 

[0 118] 05 7fi$:^$C = fc-5#i^^GaAs&ffi 

cHffilli!:, V s s iSWm&X. Tl, T2, T 
3, T4, T5> *5<k^T6(iSI6£^9l 6 td^Ufc^fe 

mtis&^v^Mztey-miiifybmm 
*Mmxi3&s\Tuim&- hnm^ v 

/cm 3 tG#iiftGaAsI OP$10 0nm) xm 

[0 119] «6SM^ckti^ y-hmesty-H^ 

« $^^G a A s Xm&m&CTZ>rz.isb\Z, ^MiBHSrffl 
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So 

[0 12 0] &*5#|gj6M-ete. ^iGaAsW 
M#£bTC£/B^fo$t, *gg#4Xl O'VcnfPi 
±Tfenf£BeT&<£(^<Z>fi&^A/?&£o ^ 
jfiNIG a As Offeb 9 \Z.&m&G a A s S b^©HiC^ 

[0121] mmi 1 9) err. ^mm^mmm^ 

5AfDj^/H*-7 h7>^X^5:i5 8/^e>06 

[0 12 2] 05 8J££^{;i<££^D^/Vf 
^h7>^7^<Z>8OT*^£0-e&5. 15 81:^ 
X. 5 1 t£F e V--?mm& I n Pgfc 5 2«nS 
I nGaAsifynl/^^ (Si : 2X10"/c 
m 3 s JP$500nm< I nAs^E;i4fcO. 5 3) . 5 
3fiai2^dKS i 0 2 (JP23 0 0nm) , 5 4(in 
S?I nGaAsnl/^ (Si : 2X 1 O'Vcnf, 
ffS300nm, I nAs«0. 5 3) > 56fJ*£ 
iglpSl nGaAsF»<-7 (Be : 4X 1 0 20 / 
cmM$70nm, InAs€JHtO. 5 3), 5 
7te#iiSf|p!U nGaAs^- 7. (Be : 1X1 
0"/cm\ f$7 0nm, I n A s ^kfcfc 0 . 5 

3) , 5 %\wm®mmms i o* op£ 2 0 0 n 

m) , 5 9ttnlInPX5y^ (Si : 1X10"/ 
cm\ Ig2 0 0nm) , 6 OlinSlnGaAsl 
i^tttOiUl/iS (Si : 2X1 O'Vcm', 
I$500nm, I nAstJUtO. 5 3), 6U3X 
Sy^m 6 2li^-Xli, 6 3 ten l/^®^ 

^-5o *^jgic*^T, x5-y^meg^omum^6o 

5 9#>606 3 ^(/^Ti^BJ-rs. 
[0 12 3] m®\Z. Fe nPl«5 
1 ±\Z n M I n G a A s D-^n ? 5 2 S^H^Xtf 
?3rz/- (MB E) «^§MSXt?^^>- (M 
OVPE) fe*-5^ti#^^M^«xe^^->- (M 
OMBE) m<D^-?timz&K) 5 0 O^ifi-UXtf^ 
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U S2J6§$l£:ft3S i 0*g|5 3 0¥£ 2 5 0 n 
m) ^C#TOfB*S®-*0^bfco M<^T, *h 
UV7~57^-*£tttf^Xy^>^;:.£9 h^>>>7 
^*fe^©S i O2BI5 3%mi&flzm£;VT, MO 
V P Ej£c&5 ^liMOMB Efei:<i; 0 nl I n G a A s 
nl/^^5 4©^^£SS5 0 0 c CfCTff^fc (05 
9) o 

[0124] &m. m±*&&&mkm^m.r>\ti 
u mitmms 5 (s i o*> 3 0 0 nm) 
10 ^-amms 3 up? 5 4 iKDSK^a^/u^, -t 

^ #^fc«Sg^^iSarexy5 L >^SJli:^«}; 
0nl/^^5 4O^®S:gaiLfc (06 0) „ 
[0 12 5] 8fcvc, |»H£MBESaK£»AU pi 
*Wt&£bTBe&MVvC«|gftpSI nGaAsF^S5 
^— 75 6<fc^ii&SlpS!I nGaAs^- 7.5 7<D 
fflffi&&4 5 0'CKTffofco WsInGaAs^ 
5 4±fcttl|i*§ilpai I n G a A s 1*^-7 5 
6di, »flilB«5 5_kKra*IIM&pS!I nGaAs^ 

Beigg£4K£:*>4X 1 O'VcmM^^^ 
&tgSkvM I n G a A sfl-SB^-T. 5 7 C9ffijrp££:|i|ffl 
_kH5a©$l^0. 0 4Qcm£(Tf-Tf*'5Clt ; b«^^ 

[0 12 6] ^^-X&£tW^-7©^£gl, K 
S^MB E^g#><SIftD fflU mM^SmMm 5 8 Sr-fb 

1) o 

[0 12 7] t(D'&. S5fcf£MOVPE^B&-5^teM 
OMBEgllS^U nlInPI5 5/^5 9fei[J!n 
SI nGaAsXi^mSSOtfJUWe OcDjgg^ 
g£5 0 OT^TfToTco nllnGaAsI 
Sy^«8gK0tHU^6 0f£S®«iSSfiS$l5 8 ±5 
^H^© £ ^mtt*\\Z 5 0 0 nmSS#^St 

^ s i ^ih^l, *h>;y^7-f— *itxp9< 

Xyf>^J;0X5 7^1i6 lcDiPI*frt3& (0 
6 2) . 

[0 12 8] 5h§rM€> X5y^«gK6 1^7^tb 
Tim®m&m5S^ ^IpIInGaAs^ 
-7 5 7 OX-y^>^ff ofe^C, * h U y^77-f 
K^-fX-y 5 L >^ffi^T^-7.«®*5<fc 

U2#wmffim\z#>n%%m®mm$&5 8 , 

5, IMI5 3©^^)^^ff^feo 
UTiill. ^-7«S6 2feJ;t;nl/^^m®6 3* 
i» U7ht7ffiaD^Lfc (06 3) o 
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[0129] *njs«K*#Tji, • nu??mm 

[0 13 0] 0) £TF> J*^©^*^* 

[0 13 1] ^UfiWlCcfcS^P^/t-fjH-^h^ 

8) o ^fi£#ll 9TttnSInGaAs3l/i'^5 4§ 
S#U&RK<fc DJRftlsfcftS. **»«r«ini I n G a 

[0 1 3 2] SJJ&fc, Fe P-7¥im&I nPSMS 
UfInSInGaAsU-^3l/i'^ (Si : 2X10 
ls /cm s . JIS5 0 0nm, I nAs^HtO. 5 

3) 5 2*5j;tfnin nGaAs3|/^^ (S i : 2X 
10"/cm ! > fS3 0 0nm, I n A s Wit 0 . 

5 3) 5 4£MBEfe MOVPEg^S^ttMOMB 
Ej*<7)^T^K«fcD 5 0 0 < CtfifiT?Xfc!^>'-WPJ& 

*5<fcCWb^Xy5^>^lCj;0 h^>i?X^ 
5 4£X £-9-7=1 5 2 <D 
—SB (MJ¥5 0 nmig) ^IgRMSd^sfebfc (06 

4) . 

[0 13 3] &AfflStHltS i O* 0S$ 5 0 0 

nm) 5 5 2 & m^©*«tr?i£^ 

m^iCctD. =iu^^5 4omm^miiivf^ (0 

6 5) o 

[0 13 4] m^T, 9©06 1~06 3\Zy& 

[0 13 5] #gmMiZ&jUi& ^—Z - nVZ&f&t 
££S£?£fe«>*9 1 / 3 iZ&ZT^&Z t triPxT, X 

[0136] (Mm 2 1 ) £J(T> #^©«WT?a 

3^t^rmBe-r-5 0 

[0 13 7] H5 8l±*5SMfc«fc*'v5 1 Ci»&/Vf 3J5- 

7 h7>^^0»r®iBfiSSCBI , Tf**. 05 8t'*5^ 
T> 5 1 ttF e 1 n P«fc 5 2finS 
GaAsSb-y-y3Ui7^ (Si : 2X10"/c 



(17) ¥M¥-6 -252 163 

32 

m\ JP£5 0 0nm, GaSb^JtO. 4 9) , 5 
3f*ffij£|SiM)iS iO» 0¥£3 0 0nm) , 5 4tJn 
IGaAsSbnl/i'^ (Si ^XlO'Vcm', 
JP£3 00nm, GaSb^WfcO. 49), 56{£lp. 
^SpSGaAsSb»-7 (Be: 4X 1 0 20 / 
cm 3 , JP£7 0nm, GaSb^WfcO. 4 9) , 5 
7fi^^pSGaAsSb^SP^— X (Be : 4X1 
OVcm 5 , JP£7 0nm, G a S b ^fcJHfc 0 . 4 
9), 5 8«*®«^feg$£S iO* OP$2 0 0n 
JO m) , 5 9«nSInPX5'>^ (S i : 1 X 1 O 18 / 
cm 3 , S$200nm) , 6 OttnlG a A s S bx 
5.y*WM®.VmVffi& (Si : 2X1 0 19 /cm\ 
JP£5 0 0nm, GaSb^EMfcO. 4 9), 6 1&X 
5.y?WM^ 6 2fi^— xn$L 6 3tt3^^Sl^ 

fiawes-^ Mum-ms*-* 5 7 ©»r-5^<^ 
©SBESfefcHu-c. 06 od^06 3&m^Twm? 

20 £<, 

[0 1 3 8] %]®\Z. FeH-7°^ttInPiS5 
i±IInIGaAsS bl^n l/i?^5 2 SrMB Efe 
MOVPE^cb-St'^iMOMBEfeCDVi-rtld^.fcO 5 
0 0 < C#i£TXlf^+'> J f;Pfi£SL.^t3, IS^Si^ft 

idcssaw^momu ffi&^Ki^-ss io»i5 

3 05£ 2 5 0 nm) *fb¥W«fWWfi*K:<fc03g)«U 

fee M^t, *hUV^:7<-fe<kttfb^xy^>y 

?r£D h7>f7^*ffi!{«OS i 0*1815 3 »R#J 
£KgsUT, MO VP Ej**5HliMOMB Efet<kO 
niGaAsSb3L'^5 4©^fi$5 0 0 , CIC 
Tffr?£: (06 0) . 

[0139] m%igA^s@»^]R0(B 

U ^fc*6gaK5 5 (S i 0 2 , J¥£ 3 0 0 nm) &m 
^T*fe@fel8l5 3 5 4 £CD£fS£«&A/£> * 

0alx^^5 4CD*MSgtHL^ (06 1) o 
[0 14 0] «fr>-C. Iffli&MB Egll^Ab. PS 
«t«tLTBe§fflUTfieSpi!GaAsS bf^SU 
^ '<-X5 6i#^^pl'GaAsSb^S15^-7.5 70 

<<fct>4X 1 0 20 /cm 3 {C-r-5Cl(iiT:, ^#SpMG 
a A s S b 5 7 fflfflfi#«^±ra»D*&> 

0 . 0 4 Q c mEI,Ti:^5 ^ <h t>«^e^*Sy^ <=> 

[0 14 1] F«gSP^-X*5<fc?mSB^-XO^fiE^, 14 
i$MBEiSJ^10(Hb- ^®#^^5 8^k 

*W*^fia8tt6il«5 8©aRWH^S^f-3*: (06 



33 

2) . 

[0 14 2] B*teMOVPEgR&*W4M 
OMBEglfS^U nIInPX5y^5 9i3i;I):n 
IGaAsSbI5^i»?)(til/»6 0©^fi£ 
SSSOOtCTfT^fc. nSGaAsSbl 

i^S^©^^^f^f3 5 0 0 nir«g#^St 

X5 7^«i6 1 ©JflX^fr^fc (06 3) o 

[0 14 3] B\&m&. X57^H6 1^7.^ tU 
X*M^^Sg^5 8. ^PfGaAsSb^ 
-X 5 7 ©X y^-lsittfro ftmz. *h'jy^77-f 

-43<£tf h x<y ^y&m^T'*.— 7>nm& =ttfa 
*&§®i5 5, 5 3 <Dmmmk*ft-D ito -e 

VX^mz. s<—7.WM6 2fe<t^l/^^ti6 3£ 
U7ht7ffi'J:t)Mbfc (06 4) o 
[0 14 4] 2f^9S#JKJ;*l?£ ^— * • uUZPWm 

5<y^«8l?[$taU^^X5<y^ • ^-X^®^* 
9 x5y^ffi(DfiMtX5-y^ 

[0145] m&M2 2) £cf> %mw<»$mMx$> 

[0 14 6] #$mM\Z&Z>'\y u um&/Uy$-7 by 

>-yx?<»mffiffi3m3gmM2i)zmv-e$>z, (05 

8) o ^Si2 lUHpSGaAsSb^-XSrMBE 
fetCcfcO^U^ (06 2) . immMXtZT>P- 
7GaAsSb OP^lSHmLhS OnmOT) £M 
BEfetCi;D^SLTnS!Ga As S bni/^ 5 4± 
(C^f H ^ i^fK5 5±\Z^^^Vtzmz. Si 
JftSrMOVP E^B&S^fiMOMB Egfil^bTip. 
ig^^ 5 6 ^tf^JSt^ 5 7 ^ e>&£ p S!G a A 
sSbs<-X<Df8&&n^fc* Z\Z.X\ MOVPEfe* 
fcteMOMB EfeKck Vmfg^— X<Dim&nt)f5.t»-o 

mtm&t b$mm±^<Dg4£&G a a s s b 

4X10 !0 /cm 1 F-tf>^lfc. Z\(Dm, cm&Z 
/><<!:fe4X10 !1 /cm ! l;t5^<!:T> m%$hl>M 

g a a s s 5 7 <Dtg&u&zmm±mm<Dm 

^0. 0 4Qcm&T\ZX%%Z£hWM&M&Mfefi^ 

^Bje^t^fco ^nm\-oyfmiM^mmm 2 it 

[0 14 7] ^ISMtCcfcn^ ^-x -uistrzwrn 

^m:Wmm 1 / 3 Kflaa-eg-s n t tzjnA-c. x 
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0 1>^< X-^tt®. X5 y^^x®^M<hX5 -y^ 
l^©i£«b$i;*:#&B e ©ftfc> D fd£f$:©/h£& C 

[0148] mm 2 3) «t> *mw<Dmmx$> 

•S^D^&n-f ^-^ h7>^X^Sr05 8#>S06 

7* 3Srfflt/iT^-r-5o 

[0 14 9] 05 8«^§9!K£5'v^n^A-1'3j?- 
^ h ^ >S?X^©»f®«jg^0^*S„ 05 8 K*5V> 
T, 5 lSy>H->^igd4GaAsS^, 5 2lin 
g/GaAs+f-ynl^iS' (Si : 5X1 O'Vcm'. 
f^500nm) , 5 3f£iI&*&§$lS i O* 0?$ 3 
OOnm) , 5 4ttnIGaAs3l/^ (Si : 5X 
10 ,f /cm\ JS$3 0 0nm) , 5 6fi^ftpS! 
GaAsp^SiJ^-7. (C : 4X1 0'Vcm 1 , jP£ 7 
Onm) , 5 7«^g|,paGaAs^-X (C : 

20 1 X 1 O'Vcirf, JP27 Onm) > 5 8 figffi^fl 
^Si0 2 (f$200nm) , 5 9fJnS!A 1 G 
aAsX5 7^ (Si : 1X1 O'Vcmf, JP£ 2 0 
Onm, A 1 As^WtO. 3) , 6 0finSfInGa 
AsX57^«»Sf31ill/i*l (Si : 2X 1 0 19 /c 
irf, f$5 0 0nm. I nAs^WfcO. 6), 61. 
fix^ v PWm* 6 2 fi-^— T^mft 6 3\tnui??n 
ffiXSb&o *mffiZ&\,*T. X5 7^1W5W^ 
6 0 ^JfeW^-X 5 7 ©#fiET-5^ 

©3cffi«^figaSI5 8±^T?^^atc#r^c^$tiT 
05 9^506 3 zm^Twmf&o 

[0 15 0] Wsb\Z. 7>\^-^^m^GaAs&m 
5 liifdnSJGaAs+f-yxiU^S 2S:MBEfc M 
OVPEfe&^teMOMBE^Vvfft^tc.iD 5 0 

ox:ttmxx.¥?*i/*)\,ijmvrcmz. im%m§kf& 

^SS^lOHiU MSeg^t^-5S i 0 2 jgt5 3 
OScF 2 5 0 nm) *-fk^W«ffl^^fC<fc «9?£j&L 

40 II^SLT. MOVPEte^-St^SMOMBEfetdcfcO 
nil nGaAsXll/^;?5 4<DjSRf&B:£:5 0 CCC 
Xff-Dtc (05 9) . 

[0151] ^©m. S^f^^^tt^^mOffi 
U ^^W5 5 (S i 0 2 , 3 0 0 nm) SrM 
^-OSi^5 3 <tn 5 4 tCDaiBSdSj^u^ -t 
LT, 2 xim^g^W^I^K^ffi^Tfift^fT 

03^^5 4©ases»aLfc (06 o) „ 

[0 15 2] iR^iT, S^fSrMB ESllC^Al/> T> 
so F-^GaAs OP^ 1 5H^HOi:, 0*^"^) 
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fj^^MOVPE^B&SUteMOMBEgg^ 

^iSpMG a A s rtSP^-X 5 6 tg&SkvMG a A 
sfl^-X 5 7®B«S4 5 OTCKTfr^, Z\ 
^-X4 I <9pM^^T&-5C(E>i&*£4><<i: ! b 
4X10"/cm 1 m^tT, »piGaAs 
Pm^—X 5 7 cr^n^^Hffl±P^CD*E(,i 0 . 0 4 Q 

[0153] ^m^-~7,^xm-w>^—7,om^m.. u 

6 1) . 

[0 15 4] ^t<m.. tm^MOVPEitg>5^[iM 
OMBEgllC^U nlAlGaAsX5-7^5 9fe 
it^nll nGaAsX5y^«®5c?)tBU^6 0<E> 
j^J&&£5 0 orjCXfT^fe, nllnGa 
AsX5y^lil0tHl/i«6 0fa*®«^^^5 
8_h^^S^fii«^S^lPl{C 5 0 0 nmg^fttfT 

i0i5'^ii6 loinni^ffofe (06 2) „ 

[0 15 5] X5y^«t6 l^Y^tL 

T:g®3^6i$|5 8. ^Sp^GaAs^^-7. 
5 7 0X y ^yif^H r> Tzmz.. *h'JV^77-f-i5 

^«M&^^tf3:SMG^&B$l5 8. 

h^ifcKJcD^i&U/i (06 3) „ 
[0 15 6] #$mM\z<$:n\i, ^—7. • nU-^p^ 
£§*£fiSJeoji$ i / 3 izm&x^z - £ Kin AT, X 

^ y^®w^x5 y ^ • s<-7.m&mM£ <0 

a**£&B e (Dffeb t) K3HR©/.bS& C «flfr»*&8k 

[0157] (USSM 2 4 ) JJTF. iJ^egSSSfcTC* 
-5c 

[0 15 8] *HJSMtwct-5^P^/K^— 7h7 

>v*i?oMmmzmm 2 3 era d't** (0 5 
8 ) . mmm 2 3 ts jui*n& psg a a s f^^-x 5 

6i^pIGaAs^-X5 7$W;ML 
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[0 15 9] 05 9^<506 1 ^(DfmOMt^tm 

23^^^ 06 i©tfcj&T\ mw^mmms 

a As 5 6©^?i^*ffofc (06 6) . 
[0 16 0] ^-CD^ K^|-5rMOVPEg«^-5t,i«M 
OMBEgIl;^U TOpaGaAs (Cj|g4X 
10 lO'Vcm', f$120nm) 6 4. nlAlGa 
AsI5y^ (Si : 1X1 O'Vcirf, J5£ 1 5 0 
nm, AlAs^JfcO. 3) 5 9. i5<£tfnl!lnG 
aAsl5^«ffi«0a^ (S i : 2X1 0 19 / 
cm 3 , f$5 0 0nm, InAstMO. 6) 60 
CDmZj$M&5 0 OV-iZTft-ofco CjCDRE. nllnG 

5 8±%m£&m&<Dlk$iWmiZ 5 0 0 nmgStttf 

KcfcOX5-y^«S6 lOitrr^frofc (06 7) „ 

[0 16 1] fhSKSN X5y^«i6 l£VX;7<hb 
Tffl«6«5 8, ^SpJ^GaAs^SP^-^. 
5 7 ©X-y ^>^2rff ^fc^, * h U V — * 

^mflB^^«tc:^TSOT«^S^5 8, i« 

ms 5. S&l&g3JI5 3©jgfR»££fT^/io ^bT 
mmz. ^-X«8§6 2*5J;^XI^^M6 3*'J7 

[0162] 2^^a£W-ctn{i, ^— x • uuzzmm 
^m^^mm i / 3 K:4sarc€r5 £ tKinAT, x 

5 y^«W*Xi y ^ • ^-X^ffiUct D 

55*7c*&B e Of^bD fc3^©/jN$fcC*IB^S;fc», 

*>&-5, ^MSpSIGaAsf^^-XtpOC 
Wt&.%:M£$i pIGaAs 7> (*»«k 0 *>/Jn$ < T 

[0 16 3] &$mM~&tGa.Asg&LttZA 1 

GaAs/GaAs ^D^a-^^rT^/K 
J»ft*fllK:MUTlft9!Uto5«. I n P£R±K: I n P/ 

InGaAs, InAlAs/InGaAs, InP/ 
G a A s S b^cD^s^D^a-Sr^rr-S/t-f #-5h7> 

>>7. ^ few ut mmzmmxg %> <D\%zrmv& 

[0 16 4] 6U60U2 5) OT, *^co^S£^|7?S, 

SO So 



37 

[0 16 5] ^m&M\Z&Z>'\TUm£/W#-7h7 

>i?7.?<Bmfflmm3$mm 2 3 chdt?** m 5 

8) o ^£M2 3^«¥^^pMGaAs|^15^-7.5 
6 £££hf£ pIGaAs tm^-Z. 5 7 U 

[0 16 6] 05 9#>&H6 0 Sn?©ff*QS«gaiSW 
2 3t^Dtbfco 06 00^1^ KlSftMBE*! 
«iAU 7>P-/GaAs OPSliHWEtL 

U6ilfcfc«fc0. (C : 4X 

lO'Vcm 5 , »$50nm) 6 4t^ftpIGa 
AsA-7 (C : 4X1 O'Vcm 8 . £ 5 Onm) 

(C:4X10"/cm\ f^lOOnm) 5 6 i& 
ii&fipMGaAs^-X (C : 4X1 0 !, /cm ! , jf 
$ 1 0 0 nm) 5 7 ©|^gj&£4 5 OICKrCfrpifc. 

£<d|&> c^g^<t ; b4xi o 20 / / cm 3 {c-r§e: 

tT?, PIGaAs fl-SB^— 7. 5 7 CDSJrPfS£#| 

MJbraB©^iO. 0 4QcmOTirr?#-5£<£: : k«§t 

^C<k PS!G a A s S©3KRl»fe£fT^fc 

(06 8) „ 

[0 16 7] H*M£MOVPESai**^ttM 
OMBEgllCfU nlAlGaAsIS-^ (S 

i : IXlO'Vcirf, WS2 8 0nm 1 AlAs^E 
)VitO. 3) 5 9;&fctfnS!I nGaAsI5^H 
WtOfflWBW (Si : 2X1 O'Vcnf, IP£5 0 0 
nm. InAs^ftO. 6) 6 0 ®&Rj$ft& 5 0 0 
ICKTffpifc. nIInGaAsX5^«| 
m0ffib^6 0f*S®fi^B8ag|5 8±^^^<^ 
©S*lft#fclK:5 0 0 nmg£#tfrricK , rS££j&*. 

7 -f -33 J; H v-T X *^>^Ccfc 0 XS y 
6 10lnX*ffofc (06 9) „ 
[0 16 8] l5'^tB6 1^?tl/ 

T*ffi«»g^5 8 , #^HpJgG a A s AW*-* 

«fctKH^Xy^>^ffl^T^— XmH^ttal^ 

K55, «A^saK5 zcDmrnm^^n^tco ^vx 
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bxymz&vm&vrz. 

[0 16 9] %gm.MlZ£.tlU. ^-X • ZiU>7-5rf3ffi 
< T#*ifc«e>» X$ y ^fflS©ffij«tX5 y $><DWmt 

&mmzm&vrd&Mm^um&A-i#-?h7>>> 

y<? h&Z>» m^SpMGaAsF'gSP^-X+OC 
*gg£#if&fi pIGaAs 4»<k 0 fcdvS < "J? 

a P MG a A s F^^-X 1 4 © CiggS^JI p §!G 
aAs^^-X«fcO : b/J^<T#-5fe«6, tttfBWB* 

[0 17 0] #£aS0^«iGa AsStR-hKA 1 

GaAs/GaAs ^aS^^rTS/Vf si*— 7&¥ 
i» ilWt^aiKHUTRWb/^^ InPlfeiCInP/ 
InGaAs. InAlAs/I nGaAs, InP/ 
G a A s S b^cD'\^n^£::#-r-5/1-f jJ?— 9 h7> 

vxwzMisXhmmz$mv&z><Dte%ffii~e&z>. 

[0 17 1] 

<mmi$£. zftg^&m&tffizimv-cimiz'hz < 
a*, ^-xwmi&vmmttmmttmzm 

j?3 0 nm£Ui©^#:S^^t-5d\ 7. 
[0 17 2] £fc. ffi5©tU-lf 

tmizMM-i *>n^znt>?\zimmvwib&fr. 

mEfiv^\zm^&wk&$>z>* 
so [0173] ±m^vtm&- bmmm t 
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[0 17 4] £"St^ ±fB^O^-;K^-9h9> 

[0 1 ] m 1 ^SSM^bfe*^{-^^ A 1 G a A s 
/GaAs •'Vr-nftfertf h ^>>?X^©fSWffi 

#&i0-e&&o 

[0 2 ] m i mmT^uttmw\z&z,M<D a i g a 

As/GaAs ^n^A-f #-7^7>i?X^Oi 

$TE*ii0-C&-5c 
[03] 6kfcg^iCj;9fm£nfcAlGaAs/Ga 

a s ^pgrS-A-i-^-^ h 7>z?x?<Dfflmffim 

[04] a A s P-tf >y 1/^1* 

[0 5 ] m 2 ^SS^IT^Lfc^ag^S A 1 G a A s 
/GaAs ^o^/W #-5 h ?>>>X*<DWm£ 

[0 6 ] m 3 HfSgMT?^ Lfe£fl§9!{^3 A 1 G a A s 
/GaAs ^ngr£A-f 4?- 9 h ^y^-AZ&Mm 

[07] Jg4Sail^f^Ufc*SSWCfllSAlGaAs 
/GaAs AfDfi^/H h 7 >yx*<Bfflm 

[0 8 ] HI 5 ^K50iJTjfc L^MKlflUS A 1 G a A s 
/G a A s ^Dj£&A<#-9 h ^y s J^<DWm& 

[09] 0 1 izfistimmffim&trrzA 1 g a a s / 

GaAs ^DS^/Vf Jtf— 7 h7>^^©»E5fe 
<D% 1 MSr^"rX§017*-5. 

[010] 0 1 \Z7Ftmmffi&&&fZ>A 1 G a A s 
/GaAs ^DS^/t-f h 7 >zSX?<DWBgOFj 
feD^ISr^-rXS0T*^. 

[01 1] muzTji-tmmtmz^rt&Ai g aAs 

/GaAs -^Dftft/Vf h =7 >V7.*<BBsl&3 

[012] 01 \zM-$immmm$cr%A 1 g a a s 

/GaAs ^s5roSf&/W tf— 9 h 7>5>**©86fi2r 

[013] 01{^-na»f®«iiS:qrr-5AlGaAs 
/GaAs AfD»&;^ h 7>2>*^©«fe5f 
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[014] il3CStAlGaAs/GaAsAfD 

[015] itSF-l/^JIGaAsJi^-Mg^i:^- 

[016] 01K^T&a8£rffi«^rr&Al GaAs 
/GaAs ^O^A-f 2^-7 b 7 ^T^^SSt* 

[017] 0lK^t18§£fM8^£^<5Al GaAs 
/GaAs 'STDft&ZH JJ?-^ h 9 >^X^©®fi* 
j*CDffi©^IS:^-r3^0T*^ < , 

[018] HlK^tiaWfifillKfiS^rrSAl GaAs 
/GaAs ^O^A-f b 5 >i>7.^©SB£5" 

[019] 01C^1s@8^*jg£^rr-5AlGaAs 
/GaAs ^ng^A^ Jt?-7h7 >z?7>?(DW&Jj 

20 [02 0] 0 1 iZ^-tWmmffim&^Ct&A 1 GaAs 
/GaAs 'V5 l n*&/T'f xfl— 7 h 9>^^©^i^ 

[02 1] 01 l^«l«i*rr5A 1 GaAs 
/GaAs ^D^/t-f^-^ h^>>>7^©i3M 

[02 2] 01t^tta^r®«iS* : rr-5Al GaAs 
/G a A s^O^A-ftf-^ h 7>-J7.?<DW3&f 

[02 3] 01l^-na^f®«3t^ ; rr'5Al GaAs 
.37 /GaAs^n^A^#-7h7>i^^<Z>$!Bt2f 

[02 4] 06lC^^»fffi«3gSr^rr-5Al GaAs 
/GaAs 'VjF-Dft&A-f jf?-7 h 9>^7.^©SB£S' 
&©#I£^~:DfS0T?&-£>o 

[02 5 ] 06 {CSK^»r®«3t*^rrS A 1 G a A s 
/GaAsATDj^;H*-7b7>^^OSit* 

[026] 06 \zmrW$mffi&$:&tZ>A 1 G a A s 
/GaAs ^ngr^A-f ^-7h 7>i?Z?<Dm&% 

[02 7] 06fC^tWfffi«igSfrr-5A 1 GaAs 
/GaAs ^Dt&/H zH— 7 h 7>5>^^©«J£* 
jS®M5r^TzS0T 5 *§c 

[028] meiZTF-tmmffi&ZJftZA 1 G a A s 
/GaAs ^n^A-f h 7>V7s?<DWj&j 

[02 9] 06{3^-fTPa^f®«ii^ : rr«)Al GaAs 
/GaAs h 7>5?7>*<096tt 

50 [03 0] H6K^tiaWfBflfte**T*A 1 GaAs 
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/GaAs ^rnSWr/Vf J*-5 h7>>^©$8g# 
^ffc©M£jKtXg0'e&3o 

[03 1] 126 K^-nSlffl^^^ £A 1 G a As 
/GaAs ^nSfr&n-f #-7h ^ ^©i£t# 

[03 2] 06 ^tWffiiil^rrSA 1 GaAs 
/GaAsAfD8^;W^-7 h^>>>X^©££ii# 
^ffc©M£^-fXg01?&-5o 

[03 3] H6l^t«giii$tt5A 1 GaAs 
/GaAs^D^A-<3j?-7 h7>v ? ^^®SBS* 

^ffe©#j£^"rxg0-e&-5o 
[03 4] meizT&timmffi&zicr&AiGaAs 

/GaAsAfoi^/K#-7 h7>^^OSU 

[03 5] m^Z^-W&mmt^^t^A 1 GaAs 
/GaAs ^.^Dg^/t-f il?— ^ h 9 > V s * ^©SSBt# 

fe7)ftfecD^i^-rn^0i?$> 

[0 3 6 ] 06 (C^ttSM^ig^^rSA 1 G a A s 
/G a AsatDS^/^jK-7 h ^>>^^©§Sii# 

[03 7] 06{^-ma»fffi«jfi*^rr-5AlGaAs 
/GaAs ^n^A-f *- 9 h ^>> ? X^<D®g*- 
feCDffeOM^-n^0T?*-5o 

[03 8] 07lC^t1$IM&36£ ; rrSAlGaAs 
/GaAs ^n^/VT Jj?-7 h 7 ^©SBi^r 

^M£^-rx@0-e&<5o 

[03 9] 07f^t18f»fSffifi$ ; rr-5A IGaAs 
*£©M£*-rX@0T&-5o 

[04 o ] 0 7 izijkTmmffim&^rr&A i g a a s 

/GaAsAfDg^A'-f h7>*J*?<DWmft 

[04 1 ] 0 7 iz^-rffimmm$:^r?z> a i g a a s 

/GaAsAfO|^;H#-7 h^>>»7^cZ>§Sfi# 

^ffi<D^£jjc-rxg0i?$>5. 

[04 2 ] 0 7 \zm~rmmffim&m-z> a i g a a s 

/G a A s ^a}g£7 Vf 7^— 7 h 5 >v>7.^©i£i# 
$£<DffiCD^£^tX@01?& -So 

[04 3 ] 0 7 {^tWrffi«eg^*rr-S A 1 G a A s 
/GaAs ^n^/t-f Ji?— ^ h 7 >z?X f&Mi&jj 

[044] ^KISAlGaAs/GaAsArD 
0T!&-5 O 

[045] #ss9iK:«5iE3©fc u-*f<D$mmmw& 

XS0T&-5. 
[04 6] ^H^t^Sffi^ tf©|*ifc&$*CDSfiffi 

[04 7] 2f^C«*S^U^<0SSfi*»0»Bfi 

Xg0"?&-g>o 
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[04 8] #mfc&&m^\^^wSB6fi8&>9m 
[04 9] imm\z&^mt\/-^<DWi£m&DWj& 
[050] *mmzek%ffi&£^— 
[05 1] «fef^f?ic j; r) vmiEwmmtu-ifom 

[05 2] *^{^-5p^^;^7^D«gigfc^-h« 
jo #^h7>>>*^©i£iXg0T&<5o 

[053] JfSSHBKUSS p =?-r*)W\7-Uim£f— hn 

[054] #583ik:«s P ^*)W\^u$m&- hn 

[055] 1&m\z&Z> p ^•i'^^^n^y— h« 

[056] Mm\z&& p^*;wv^n*©gfcy- h* 

IP-^h 7>^X*©f£gX@0T?&-5o 
[057] *mmiZ&Z>g4££kG a A s tJI^ifcJBIft© 
^ M^t"@!^0i?a&-§)„ 

[05 8] ^HJt-^^D^/W^-^h^^ 

7.^©«a^ig«ji0T*s. 

[059] 058 l:StWIii^4ATnt& 

/t-f h 7>^^0iigs»oi i ©#i£^-rx 
[060] 058 izmwmm&^^f-^^um^ 

t%4 ft—? b 7>^^OfiSS®« 1 O^S^tX 
^077*-5o 

[06 1] 05 8 iCStWlil^tt^AfD^ 

jg0"e<b-5o 
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